The increasing use of commercially available acellular dermis matrices for postmastectomy breast reconstruction seems to have simplified the surgical procedure and enhanced the outcome. These materials, generally considered to be highly safe or with only minor contraindications due to the necessary manipulation in preparatory phases, allow an easier one-phase surgical procedure, in comparison with autologous flaps, offering a high patient satisfaction. Unfortunately, the claim for a higher rate of complications associated with irradiation at the implant site, especially when the radiation therapy was given before the reconstructive surgery, suggested a careful behaviour when this technique is preferred. However, this hypothesis was never submitted to a crucial test, and data supporting it are often discordant or incomplete. To provide a comprehensive analysis of the field, we searched and systematically reviewed papers published after year 2005 and registered clinical trials. On the basis of a meta-analysis of data, we conclude that the negative effect of the radiotherapy on the breast reconstruction seems to be evident even in the case of acellular dermis matrices aided surgery. However, more trials are needed to make solid conclusions and clarify the poor comprehension of all the factors negatively influencing outcome.
Introduction
The acellular dermis matrices (ADM) are products derived from the skin, deprived of their cellular component by standardized treatments [1] . They provide a lower-lateral coverage and support of the implants in the immediate expander/implant-based breast reconstruction after mastectomy. Additional main indications for their use are lack of muscular coverage and cancer invasion to the pectoralis major muscle, and skin nipple sparing mastectomy is a relative indication [2] .
The customized commercial products mainly differ in their origin and in procedures for processing, storing, and preparing them before usage. A recent paper compared seven customized ADM suitable for the reconstruction of the breast, in order to evaluate their cost/benefit ratios, contraindications, and possible side effects [3] . These authors discuss main contraindications for the use of commercial products, among others, namely, the presence of residues of antibiotics or allergenic substances, the lack of sterility, lower strength and elasticity, and higher cost. The Alloderm (LifeCell Corporation, Branchburg, NJ, USA), a customized derivative of the banked human skin, is the most widely used material, despite a few disadvantages: longer rehydration time, possible presence of antibiotics, and nonsterility of the final product.
We analyzed the data reported in peer-reviewed papers, in which irradiation at the site of ADM implant and its timing are considered as possible interfering factors for surgical outcome. The review includes an exhaustive description 2 Plastic Surgery International of the procedure followed for recording and selecting the published data, followed by their analysis and comment.
Materials and Methods

Search Strategy: Inclusion and Exclusion
Criteria. The electronic search was coordinated, according to the Boolean syntax, in the following format: (("acellular dermis" OR "acellular dermal matrix" OR Alloderm OR Strattice OR allomax OR Permacol OR Surgimed) AND ("breast reconstruction" OR mammoplasty OR mammaplasty)). The names of two commercial products (Flex-HD and DermaMatrix) generated ambiguity and therefore were omitted. The additional terms ((radiation) OR irradiation) OR RXT, coordinated with the previous terms by AND, restricted the search to the main aim of this review. A manual refinement rejected duplicate studies (those present in multiple databases), those performed "in vitro" or in animals, and studies not reporting original results or in which radiotherapy (RXT) was not directly investigated. Only the most recently updated studies were used. The reviews were carefully read, and other original reports eventually not found by the electronic procedure were retrieved and considered. The inclusion and exclusion criteria are reported in Table 1 
Data Collection and Analysis.
Data collection included the lead author, publication year, type of acellular dermal matrix, time range of study, total number of patients, and total number of reconstructions, with and without irradiation. The total number and type of complications in each group were recorded, as was the timing of RXT, before or after the reconstruction. Chemotherapy was also considered, when specified. The authors carefully followed the guidelines of the meta-analysis of observational studies in epidemiology [5] .
Statistics.
We extracted data from the papers which matched the inclusion criteria to evaluate the excessive risk for complications due to the adjuvant RXT given at the site of breast reconstruction. The forest and funnel plots of the odds ratios with confidence intervals at 95% and log odds ratios versus the standard error were built; the test of null and heterogeneity were calculated under a fixed model. For the necessary calculation we used the comprehensive metaanalysis software version 2.2.064 (released July 27, 2011) [6] .
Results
Selected Literature and Main Features.
The algorithm for the selection of the literature matching the inclusion criteria is explained in Figure 1 . The limited number of studies retrieved at the PubMed ( = 234 before the terms "radiation, " "radiotherapy, " and "RXT" were included) represented no more than 0.04% of all the papers describing different methods of breast reconstruction, in relation with RXT, and present in the same database under the period 2005-2014. This number was reduced to 51 when the terms ((radiation) OR irradiation) OR RXT were added. The search at the Cochrane library and at the institutional web-based tools gave 79 and 36 additional results, respectively. The 97 items remaining after manual revision for duplicates included 29 papers lacking extractable data but with relevant considerations or findings and 17 registered clinical trials ( Table 2) , one of which with published results [4] . Twenty works added results and were included in the meta-analysis (Table 3) . Thirty-two papers (reviews and other publications without extractable data) were excluded.
The level of evidence, according to the rating scale issued by the American Society of Plastic Surgeons [27] , was low; 80% of the selected papers scored 3 and the remaining 20% scored 4.
The Alloderm is the most exploited and studied type of ADM ( Figure 2) ; studies on other commercially available products are sporadic, frequently aimed to compare different materials and procedures.
Meta-Analysis.
We extracted the data for statistical analysis from twenty studies matching our inclusion criteria, and/or cost)
The strategy followed for the selection of the literature. All papers were carefully matched with the inclusion/exclusion criteria. Three search engines were used, for a total of 8 independent databases, as explained in the algorithm.
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Figure 2: The use of different types of acellular dermis matrices in selected studies. Only the 60 papers included in the review were considered. The Alloderm (grey) was used in 65%, 20% used other acellular dermis matrices (fuchsia), 10% multiple ADM (pale blue), and 5% of authors did not specify the type of ADM they used (yellow).
which reported the outcome of 3331 ADM-assisted reconstructions. They were mainly retrospective cohort studies, in which the observation period ranged between the years 2001 and 2012. With the exception of two works, performed in UK [8] and Canada [7] , one study reported the results obtained in a private practice in USA [28] and the others were done in departments of hospitals and universities in the USA. Sixteen percent of reconstructions were irradiated before, after, or before and after surgery; in these cases the rate of development for complications was 33%. The percentage of nonirradiated breasts which developed at least one complication was instead lower (6%). The forest plot ( Figure 3) shows the odds ratios of each study; the black diamond at the bottom represents the pooled effect. It fell on the left of level 1 and does not cross it; this result means that a significantly higher number of complications occurred when the ADM-assisted breast reconstruction was combined with RXT. In particular, eight studies found better results in the absence of RXT and only one [21] disagreed. The test of null was significant in both cases ( value = −8.841, value < 0.000); the complete results are shown in Tables 4 and 5 . The funnel plots (Figure 4) show an acceptable distribution of the log odds ratio. No more than 11 studies clearly specified the prevalence of implant failure and the most frequent type of complications in the two groups with or without RXT, as shown in Table 6 , with higher prevalence of skin necrosis and infection. The prevalence of capsular contracture, reported in seven studies, was low (3%) but increased to 12% in irradiated reconstructions. Others conditions, such as wound dehiscence, haematoma, rippling, or implant migration, were not homogenously reported by all authors; therefore, we have Plastic Surgery International 5 grouped them. The RXT significantly enhanced the risk for skin necrosis and capsular contracture, as well as the implant failure due to different conditions.
Discussion
The RXT as adjuvant therapy for patients affected by mammary cancer is a trouble for the plastic surgeons as it could cause a tissue insult possibly affecting the final outcome of postmastectomy breast reconstruction. The relatively recent introduction of ADM-assisted implant reconstruction seemed to help a better procedure; however, its safety when RXT is needed is still under debate and experimental data are scanty and not conclusive. In many cases, as in the majority of clinical trials more recently registered at the USA repository, a history of previous irradiation is sufficient to exclude the use of the ADM and prefer an autologous reconstruction instead. In general, the authors of meta-analyses and traditional reviews agreed that the RXT enhances the risk of complications; however, no general agreement was reached, nor all works were conclusive in this aspect. A recent survey evaluated that at least 25% of patients submitted to postmastectomy breast reconstruction, independently from the use of ADM, and received prereconstruction RXT. The prevalence was large, exceeding 50%, in those which received postmastectomy RXT [29] . The relatively low rate of RXT (16% of all reconstructions considered) in this work could eventually reflect a bias in the choice of the technique, entailing that the autologous reconstruction could be preferred to the use of the ADM when the RXT was performed before surgery or expected to be needed later. While the first case could be confirmed at least in part by the general attitude of considering previous irradiation as an exclusion criteria for the use of expensive ADM (see Table 2 ), the second remains largely hypothetical. The rational of these warnings resides in the nature of the ADM. They are generally protein derivatives, mainly composed of collagen, to which elastin, proteoglycans, and glycosaminoglycans may be added. The impact with ionizing radiation to sterilize the dried form of Alloderm affected the 3D structure of the collagen matrix, and different species of free radicals developed [28, 30, 31 ]. An unsolved issue is how the modalities of irradiation could be modified to reduce the impact on the skin and on the implant. In addition to the timing, which remains a possible additional risk factor (that was, however, not supported by the experimental evidence), the hypofractionation of the total dose of radiation (40 Gy in 15 fractions over 3 weeks) was associated with a higher incidence of severe capsular contracture. A clinical study with similar aim describes the changes of the native capsule architecture in ADM-and non-ADM-assisted reconstructions, before and after RXT [32] . In the presence of ADM and before RXT, the amount of elastin fibers was roughly duplicated and the number of macrophages fivefold reduced. However, when the ADM was used, irradiation did not induce relevant changes in the native capsule, not even excessive neovascularisation. The authors used Alloderm, Strattice, and NeoForm. This work did not report the modalities of irradiation, not even the incidence of complications in no ADM-assisted reconstructions. In 27 reconstructions with ADM, nine capsular contracture (grade III-IV) and nine different complications developed after irradiation. Nine complications exited in implant failure. No capsular contraction nor failure, and only three complications developed in the absence of irradiation.
The results of the meta-analysis presented in this review, in which three previously not reported results have been included [7, 8, 26] , supported the thesis that the RXT represents a serious challenge; the influence of its timing in relation with surgery is, however, not noticeable due to the scarcity of data. The general opinion that RXT is a risk for higher rate of complications is, however, a controversial issue. Only few authors of original works lacking extractable data unequivocally concluded that RXT enhanced risk of complications [33] [34] [35] [36] [37] [38] . Unfortunately, the only study in the field classified at level 1 of evidence only named RXT among the exclusion criteria [39] . Ibrahim et al., 2013 [40] , recently found in a large database (19100 patients identified) the only association of greater risk for postoperative urinary tract infection in the group receiving the ADM and RXT. The authors admitted that unconventional results could be due to a bias derived from the very large number of cases in their analysis. To this, it could be added as an emerging opinion that in the context of greater morbidity due to the additional insult of RXT, the use of ADM seems to be protective and reduces the rate of complications, in particular capsular contracture [41] [42] [43] . While a large number of researchers 8 Plastic Surgery International prefer to behave cautiously, as documented by the strategy adopted by the majority of protocols deposited at the clinical trials (Table 2) ; this suggestion was accepted in some reviews [42, 43] and recently included in the guidelines of the Association of Breast Surgery and the British Association of Plastic, Reconstructive, and Aesthetic Surgeons [44] . This document recognized that the RXT negatively affected the outcome but suggested that the use of ADM could potentially reduce the severity of capsular contracture. In addition to capsular contracture, infection and implant failure seemed to occur more frequently in irradiated breasts [33] . Data we analysed here confirm this trend for all types of complications and reached the statistical significance in the case of skin necrosis and capsular contracture. The most severe outcome, implant failure, was also significantly enhanced, independently from the causes.
Several biases occur in the analysis. The influence of chemotherapy, in relation with the concomitant need for radiation therapy, was sporadically reported in details in the reviewed papers, as were other recognized risk factors, such as obesity, diabetes, smoking, and breast size [45] [46] [47] . The data retrieved from the analysis of the literature did not permit to stratify the observations in relation to the RXT; it is specified by some authors that the risk factors were evenly distributed among groups. Another source of perplexity could rise from the consideration that, for its relatively elevated cost [48] , the use of ADM could be addressed to patients with a lower risk for complications, or with a more favourable stage of the cancer. This factor, poorly investigated until now [2, 38] , could put the suggested protective effect under a more relative point of view.
Conclusions
Radiotherapy is generally considered a concomitant factor negatively influencing the dynamics of breast reconstruction, even when ADM is added. This fact, claimed by many studies published on this argument, seems to emerge from the meta-analysis presented here. The real impact of RXT on the success of breast reconstruction techniques must be better defined by studies falling in the level of evidence I or II, namely, protocols specifically designed to define the importance of the radiotherapy and planned as randomized, single-, or multicenter studies of adequate quality. Better assessment of anthropometric and behavioural conditions, morbidity, and stage of the cancer in the two groups, with or without RXT, should be added for clarity.
A better definition of histological evolution of the ADM after surgery in sites that were previously irradiated should also be of interest and even more in those undergoing RXT after the surgery, particularly in terms of formation of oxygen reactive species and radicals and collagen integrity.
